Abstract. Micro-metal forming technologies are mass production methods, net shape forming, low-cost procedures and quality controlled processes. Its scale region is in the range of the margin area between conventional precision manufacturing and silicon-based technology. The first paper to study the field of micro metal forming was written in 1989. Up to now, there have been many papers in this field but the results of the experiments do not reach the same conclusions. It should be noted that it is not possible to apply the know-how of conventional forming processes to the field of micro-metal forming due to the so-called size effects. In this study, two kinds of sheet materials such as C12000 and C26000 copper alloys are used to do a micro-upsetting experiment and micro-tensile experiment. It can be found that the size effects of micro-metal forming in C12000 agree with the description in previously published papers. However, the C26000 alloy has high matrix strength and significant fine grain strengthening that produce different size-effects of micro-metal forming. In this paper, we compare these two materials and suggest explanations for this problem. Therefore, the result can provide a general solution and discussion of micro-metal forming processes in unalloyed copper and brass.
Introduction
Unalloyed copper and brass are widely used in the 3C (Computer, Communication, Consumer Electronics) field because of their good electrical and thermal conductivity and malleability. The Cu-Zn alloys also known as brasses are the most popular materials for these applications. Commercial brass limits the content of zinc to 45 wt%, α phase would exist in the zinc range between 0-38 wt%. The α+β mixture phase present in the zinc content is between 38-45%. Fig. 1 shows that increases in zinc changes the mechanical properties, e.g. strengthen and elongation, of brass [1] . In this study, we will compare the different size-effects for ASTM C12000 and C26000 sheets via a micro-tensile test and micro-hardness measurement.
In general, most of the studies focusing on copper and brass concern macro size research. Since 1990, micro-metal forming technology became more and more important [2, 3] .The main reason for the development of micro-metal forming is that it keeps the forming process costs down, increases production efficiency, and improves mechanical properties and material precision. However, the size of material decrease would induce an increase in the effect of grain size, microstructure, and friction that are not considered in macro size studies. This change concerns the so called size-effects. In practice, the study of micro-metal forming and size-effects can be categorized into two fields: one is theory study [4, 5] ; the other is parameters research [6, 7] . The first field includes the micro-tensile test, micro-upsetting test, micro-bending test, deep drawing test, extrusion test, coining test, friction test, and punching test. The second field focuses on experiment of know-how parameter [8] .
Even though there is much research on the size-effects of brasses, the results do not approach to same conclusion. In this study, the size-effects will be discussed by means of micro-tensile experiments and a micro-hardness measurement using unalloyed copper and brass sheets. Detailed explanations have been done on the size effects of copper and brass sheets. 
Experimental Procedure
In this experiment, C12000 copper and C26000 brass are used. The raw materials were processed by rolling and the grain size range from 5-30 µm in size. In order to compare the different effects on grain size per materials size, annealing treatments in the range of 500 to 800°C for 1-2 h were used to achieve different grain sizes. The etching solution for optical metallograph observation was 25ml NH 4 OH-25ml water-50ml H 2 O 2 (3%) (Refer to ASTM E407). The calculation of average grain size uses the ASTM E112 standard method. The results of the grain size are listed in Table 1 . The test machine is a MTS810 tensile test machine. The scale and size of the specimens are according to ASTM E8 (Fig. 2) . Four kinds of thickness specimens are used, they are 1, 0.5, 0.2, 0.1 mm. In order to compare the size effects of the sample, the definite scale ratio parameters (λ) of 1, 0.5, 0.2, 0.1 are used for these four specimens. A series of experiments for different thicknesses and copper sheet grain sizes were done to realize the size effects in copper and brass.
For the micro-hardness test, AKASHI MVK-E equipment is used. The load selected was 50g and measurement precision approached 0.5 µm. In this study, the length of the diagonal indent line is approximately 25-35 µm. It should be noted that the size of the indent should not be larger than the grain size of the specimen in order to avoid an error in measurement. The results of the micro-hardness measurement are used to discuss surface layer theory. 
Results and Discussions
The thickness of the micro-forming sheet is usually less than 0.5 mm; therefore, just a few grains in the material results in anisotropy of the sheet metal. Thus, it is necessary to define a parameter d/T or d/D (average grain size diameter/ thickness of copper sheet or average grain size diameter/ diameter of rod) to discuss the size effects of the copper sheet. The effects of grain size, d/D or d/T to the true strain-stress curves after introducing factors such as grain refining and size-effects will be discussed. Generally, the effects of grain size versus strength of material can be described by the Hall-Petch equation[9]:
In the above equation, the term σ y is the yield strength of the material. σ i is the stress to move a dislocation in the grain. k y is a constant. "d" is the average grain size. As the equation describes, the finer the grain size, the higher the strength of the material. This phenomenon can be represented as grain refining enhancing the strength of the material.
Regarding size-effects, Prof. Engel et al. suggest a series of results [10] . In his study, the surface layer theory was proposed. It describes the decrease of flow stress, increase of friction and anisotropy of materials when material scale reduces or grain size increases. Fig. 3(a) shows that the bigger the grain size and the smaller the specimen, the greater the portion of surface grain. Since surface grain has a free boundary that cannot hinder the movement of dislocations, the strength of surface grains is weaker than the strength of the inner grains. Thus, the size effect illustrates how the flow stress decreases the result when the size of the specimen (λ) decreases (Fig. 3(b) ). Except for the refinement of grain size and size-effect, work hardening, solid solution strengthening and dispersion strengthening contribute to the flow stress of materials. In annealed C26000 (Cu70Zn30), we can ignore the effects of work hardening and dispersion strengthening. Thus, grain size, size-effects and solid solution strengthening for C26000 brass is considered. For the C26000 sheet tensile test experiment, Fig. 5 shows three regions i.e. upper area for fine grain size (19µm), middle area for middle size grain (58-90µm) and lower area for coarse grain (240µm). From the results, not only size-effects but also grain size refinement should be considered. In order to compare the different results of C12000 (size-effect dominates) and C26000 (grain size refining dominates), micro hardening measurements are used to discuss the surface layer theory. Fig.  6 (a) shows that the hardness of the surface grain is lower than that in the inner grain. The result is in agreement with the size-effects and surface layer theories suggested by Prof. Engel [10] . In contrast, C26000 brass sheet gives inverse results (Fig. 6 (b) ) i.e. the hardness of surface grain is higher than that in the inner grain. As mentioned above, there are two distinguishing hardness distributions in C12000 and C26000. For this reason, it should be divided into two categories: one for pure or near pure metal and the second for high alloy or high solid solution strengthening. Fig. 7 represents the difference between these two conditions. C12000 or pure metal normally has low restrictions for dislocation results due to the lack of impurities and solid solution atoms in the grain. Since the surface grain has a free surface and the dislocations can move to the surface easily, it is difficult to create work hardening. As a result, the micro hardness of the surface grain is lower than that in the inner grain. In contrast, C26000 has 30 wt% zinc in the matrix resulting in high solid solution strengthening. Thus, the dislocation cannot move a large distance and cannot reach the grain boundary and free surface. In addition, when a deformation occurs for sheet materials, the surface grain will be deformed seriously (less boundary restriction). This will increase the amount of dislocations in the matrix and increase the hardness. That is the reason why the surface grain is harder than the inner grain. Fig. 7 . Explanation of the different hardness distribution in C12000 and C26000 copper sheet
Summary
Unalloyed Copper and Brass are widely used in the applications of 3C. 3C trends to develop lighter, thinner, shorter and smaller products. Thus, micro-metal forming becomes more and more important. Size-effect is one of the factors that affect micro-metal forming. In this study, we compare C12000 with C26000 by tensile tests. The results show that C12000 is a good fit to the size-effects and surface layer theories suggested by previous research. In contrast, C26000 displays inverse properties vs. C12000. This paper analyzes these differences and suggests a concept to explain these different phenomena.
